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Various sensor devices using semiconductor technology have been developed to make our
livelihood safe. Wireless sensor nodes including these sensors are expected to construct a
wireless sensor network, which can be applied for the monitoring of motion and vital signs of
humans, in a living environment, such as a building, and for detecting natural disasters.
Furthermore, small sensor nodes with these technologies are expected to be used in
implantable medical systems, such as a brain machine interface. Since wireless
communication technology is required for remote sensing and wireless power transmission
(WPT), sensor nodes should have an antenna. The antenna for the wireless sensor node is
required to have a high-gain for long distance communication and WPT, and small size in
order to allow embedding it to any place. Furthermore, the antenna implanted to the human
body should function substantially as designed and, be a low-invasive. In this study, a
high-gain on-chip antenna using a sapphire substrate and a thin-film flexible antenna for
implantable devices were investigated to realize small size sensor nodes.

A low-frequency radio wave is suitable for long distance communication from human
body because a high-frequency radio wave has high attenuation in free-space and biological
tissues. The sapphire substrate was selected to realize a high-gain, small size, and
low-frequency on-chip antenna. The wavelength shortening caused by the sapphire substrate
with relative permittivity of 9.8 and the antenna line with spiral pattern would be expected to
make the antenna smaller. The antenna has the area of 4mmX5mm, and the reactance part of
input impedance of 0 Q at 360 MHz when the antenna line is patterned with a width of 20 pm,
a thickness of 1 pum, a gap of 10 nym, and the number of turns of 7. The maximum gain of the
fabricated antenna using sapphire substrates was -29.2 dBi. The on-chip antenna using a
sapphire substrate achieved a 12.9 dB higher gain than that using a silicon substrate and

successfully induced signal transmission at a distance of 10 cm with a transmitter chip. The




proposed antenna would achieve a long distance communication about over 10 m with the
receiver device, which has a receiver sensitivity of more than -70 dBm.

A thin film flexible antenna with parylene was investigated for realizing an implantable
neural interface. Because it is difficult to measure the antenna characteristics using a
biological tissue, the parylene film antenna is analyzed in a saline model that represents the
brain tissue. This study proposed the equation to convert the return loss characteristics
analyzed from saline model to biological tissue. The return loss characteristic of antenna in
biological tissue could be evaluated by the conversion equation using the measured
characteristic in saline model. In addition, a formula for estimating the parasitic capacitance
of antenna in saline was derived by using antenna length and width as an argument. The
resonance frequency calculated from the derived equation has less than 3% error compared
with simulated resonance frequency. The proposed design method would estimate the
resonance frequency of antenna in saline, it helps to design the antenna implanted to the
biological tissue.

A co-design method and a wafer-level packaging technique of a flexible antenna and a
CMOS rectifier chip are proposed for use in a small-sized implantable system on the brain
surface. The advantages of the proposed technique are that it does not require any off-chip
matching components between the antenna and the rectifier. The on-chip transformer with a
turn ratio of 1:3, and the flexible inductive antenna can help eliminate the need for using extra
impedance matching components. In order to fabricate the flexible rectenna, a wafer-level
packaging technique has been developed for mounting the CMOS rectifier chip on a thin film
flexible antenna with flip-chip bonding. The flexible rectenna was fabricated by using the
flexible antenna with a size of 27 mm X 5 mm X 10 pm, and on-chip transformer with an area
of 800 pm X 800 pm. In demonstration of WPT with fabricated rectenna, the device has
achieved the maximum efficiency of 0.497% at a distance of 3 cm. The RF-based WPT allows
the misalignment of 185% against the antenna size while maintaining more than 85%
efficiency degradation, indicating the tolerability against a misalignment compared with
electromagnetic induction. Furthermore, the proposed technologies would make a contribution

to the realization of implantable flexible device with IC chip.




